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catalyst, and optionally (D) an organosilane of the formula ■ r. w L < a L b - < 4> (C) a condensation 
an alkoxy, alkenoxy, acetoxy or tetoxime group "3^0 KtonlS 5Lf 38 ab ° Ve ' Y is 

The composition can firmly adhere to various inorganfc ■ubstataf^SSi ? J 5 ," 6qUal t0 °" 1 or 2 ' 
coat.ng having improved resistance to weather wX? LTns S alkaHs V ' eSS ^ a " d f ° rm 3 
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Th«s specf.cat.on relates to coating compositions which can firmly adhere to inorganic substrates espe- 
cially stainless steel stnps. and form a coating having good resistance to weather, water, stains and alkafe 
The coatmg compo S ,t.on is useful as a building exterior paint vehicle and a coating agent which can be applied 
to metals without primers. w ™ 
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Several weather resistant coating compositions are known as a substitute for acrylic lacquer. One com- 
pos.tion .sbased on vinyl polymers containing a hydrolyzable silyl group as disclosed in Japanese Patent Ap- 

2SS2S ( T^ 12 ,T /198 ° and 3610/198Z These are sensit - * 

crosslink at room temperature to form films which are improved in solvent and water resistance over the acrylic 
lacquer. However these coating compositions are not satisfactory in weather resistance in that they do no' 
bJ r heaC W environmen '- """I-. >" winter. In such a situation, curing cannot be promoted even 

nmv^n! ".Z beco T s . a Seri ° us pr ° blem that coati "9 s ° f lacquer are stained with acid rain. An im- 
T1,T! „ m , a u cr y" c - me,amine P ainL JP-A 108049/1988. for example, discloses to add a metal 
chelate to a vmyl polymer obtained by copolymers g a (meth)acry.ate containing an alkoxysilyl-terminated 
d.organopo.ysiloxane and a (meth)acrylate containing an oxirane. Coatings of this composition arelZ^S 
in acid resistance but insufficient in weather resistance. Also JP-A 221123/1988 discloses a composition 
wherein a metal che ate is added to an acrylic copolymer containing an epoxy group, a hydrolyzab.^g ouj 

hLion ^ T* ? 9 ,0W - tem P erature curi "9 This composition, however, is low ^ad- 

hesion between its coating and the underlying substrate of stainless steel or the like. The composition is ap- 
plicable only to a limited type of material. p lon ,s a|> 
For the purpose of improving the weather resistance of coatings. JP-A 252414/1991 proposes a compo- 
sition compnsmg a yiny. polymer containing a hydrolyzable siiyl group, a silanol-terminated «Banopoly.il«. 

sTelo^ 

With respect to resin compositions for exterior paint having the best weather resistance, there are widely 
^'1 COmpos,tlons wherein a ^polymer of a fluoro-olefin and a hydroxyl-containing vinyl etheris 
s^asclLT^T ° f r' yiS0Cyanate - SinCe C ° atingS resu,ti "9 from " u °'°-^" compositions a e 
are readily flawed by sand dust and stained. Additionally they are expensive 

Our general aim is to provide new and useful coating compositions and methods of making and using them 
particularly w.th a v,ew to getting good adhesion on inorganic substrates such as stainless steel strips aTd 
preferably forming coatings having improved resistance to weather, water, stains and alkalis 
In one aspect there is provided a coating composition comprising, in admixture 

(A) a vinyl copolymer containing a hydroxyl group and a hydrolyzable silyl group. 

(B) an organopolysiloxane of the following general formula (1): 

RlXbSiO^,.^ (1) 

wherein Ri are substituted or unsubstituted hydrocarbon groupshaving 1 to 10 carbon atoms X is a hy- 
droxyl group or an alkoxy, alkenoxy, acetoxy or ketoxime group having 1 to 6 carbon atoms, and letters a 
and b are positive numbers satisfying 0<a<2. 0<b<3, and 0 < a + b < 4, 

(C) a condensation catalyst, and optionally 

(D) an organosilane of the following general formula (2): 

R^SiY^ (2) 

wherein R' is as defined above. Y is an alkoxy. alkenoxy, acetoxy or ketoxime group having 1 to 6 carbon 
atoms, and letter c is equal to 0, 1 or ^ » 

a™!* °ZI° rk ' ^ ? d ? a ! SUCh compositions are firm| V bonda ble to various inorganic substrates, for ex- 

50 Zrl I 1 t • S . ' Str ' PS 3nd Stainl6SS Stee ' Stnps ' and fom a coa «"9 having improved resis- 
tance to weather, water stains and alkalis. The compositions can be useful as a bui.ding exterior paint venTde 
and a coating agent wh.ch can be applied to metals without primers. More particularly, since the acrylic resin 
containing a hydroxyl group and a hydrolyzable silyl group and the siloxane are cured, there is formed a coating 
™2 T*T ° T ather h6at 3nd firm ' y adhereS 10 various inor 9 anic sut *trates. Owing to its high 

55 SESE 9 m S 9 - S ,6SS SUSCePtib ' e t0 Stainin9> th3t iS ' Stai " resistant B * a ^«sting the amount 

of a cunng catalyst, the composition can be given a wide curable range covering from room temperature curing 
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FURTHER EXPLANATIONS; 
PREFERRED AND OPTIONAL FEATURES 



As mentioned above, the coating composition comprises (A) a hydrolyzable silyl group (B) an oroanooo- 
* ^Jt^T- ^ <C 1 3 C0f ; denSatl0n and (D, Zc^i^^^^ 

ohtaSS! h ( } 1 3 V,n * ^ COntainin9 3 hydrOXy ' 9roup and 3 hydWyzable silyl group It may be 
loZ ^Z l ^Trr mP0Und haVinQ 3 hydrOX ^ 9roup and a Polyme^able douL bond, a com! 
pound having a hydrolysable silyl group and a polymerizable double bond, and optionally one or mo e oZ 



CH,=C<^ R --.(3) 
x COO - Z - OH 

CH 2 =C<" ---(4) 
x coo - Z - SiR^X 3 . c 

fpri^VT"?' R \ 3re S " bSti,uted or "substituted hydrocarbon groups having 1 to 1 0 carbon atoms pre- 
ferably 1 to 7 carbon atoms, for example, alky, groups such as methyl, ethyl, propyl, butyl and hexZ™ D T 
cyctoa kyl groups such as cyclohexyl; alkeny. groups such as vinyl and ally, groups; aryl groups such as oZZ\ 

hv orol," tT17T S - Cyan ° 9rOUPS W " ke - EX3mpleS 3re trifluoropropy, and qZ£ 

thyl groups. The sk.lled person can easily select from the range of possible substituents whose ef fe^fs are 
generally well known. R* is a hydrogen atom or a methyl group 

2 is a divalent organic group having 2 to 20 carbon atoms, preferably 3 to 7 carbon atoms An oxyqen atom 

oTgen aSTg 7ch] T?,^^? * " a ' ky ' ene fl ° 9 °" «* -^^KS 

toTl or 2 2)3 "' _< 2)4 "' - (CH2)2 -°-« CH ^- • -(CHJ,- . and -(C^CH^MCH^-. Letterc is equal 

Examples of the compound of formula (3) include 2-hydroxvethvl fmethiarrviata o t,.„<,„ 
(me,h)acr^ate, 2-hydroxybuty, (methjacrylate. ^oxyemox^y^ 

m,de Examples of the compound of formula (4) include 3-methoxysilylpropy (meth)acrylate SXkSm 
SaSr^^ ^'^^-'^"VP-PVI (-thJacrylaTe, JZC^ZZlZ 

™ e , other <" m P° unds Wh ' Ch be COpolymerized with the compounds of formulae (3) and (4) include 
carboxyhc ac.ds such as (meth)acrylic acid, maleic acid, maleic anhydride, and itaconic acid acrytates and 

The monomers may be vinyl monomers represented by the following formula: 

/*" 

CH^c' 

"cOOr! rpV^T 96 " a !°T; methyl 9r ° UP R4 iS hyd, ° 9en at0m ' Ch,0rine -OCOCH, -COOH 
-COOR5 (RS ls alkyl group), alkyloxy group or phenyl group 

formuirSTnd ?i ?r h ° nent ^ PreParCd by effeCtin9 radical *>*»»*■*» of the compounds of 

formulae (3) and (4) e.g. by a well-known procedure. A polymerization initiator is generally used Exemplary 
motors are azob,s compounds such as azobisisobutyronitri.e and azobis( 2 .4-dime»hy.v a .er n rn.eTan^ per" 
oxides such as benzoyl peroxide and laurdyl peroxide. ' p r 

The relative amounts of the compounds of formulae (3) and (4) used are not particularly limited. Preferably 
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these compounds are used in such amounts that at least two hydrolyzable silyl groups and at least two hydroxyl 
groups may be .ntroduced ,nto a molecule of the copolymer. More preferably the copolymer contains 5 to 50% 

SiT!? r ^T. ° f f ° rmUla (3) ^ 3 1 ° 30%b y w eightofthecom P oundofformula(4).TheresWue 

is the other polymenzable compound. 

Polymerization reaction can be carried out in a solvent system. For ease of subsequent coating, polymer- 
TZ^ ZT * Cafr f ^ m ? er - eSter> hydrocarb °" and solvents alone or in admix^ of two 

1 ™ ^ neces r ry ' a , C ha,n h lransfera 9 entis add edtothereaction system foradjusting the molecular weight 
of a copolymer. Exemplary cham transfer agents are n-dodecylmercaptan. t-dodecylmercaptan. and 3-mer 
captopropyltnmethoxysilane. K ' j-»ier 

J 8 mentioned above, the copolymer of component (A) is characterized by containing a hydroxyl group and 
a hydrolyzable silyl group. If component (A) is an acrylic resin containing only a hydroxy. group.The resuZg 
coating ,s less resistant to water because component (A) crosslinks with component (Borough a sto C nk 

SllnZmrr r A) 1 a " aCryMC r ! Si " C ° ntainin9 ° nly 3 "^V-We si'y' 9™P. " is not fully curable with 
component (B), failing to achieve a high crosslinking density. If the content of hydrolyzable silyl group is in- 
creased for the purpose of increasing the crosslinking density, then storage stability is lost. It is then necessary 

hXS^ilyTgZr 6 am ° Unt " ^ " ^ ** * M 3 *™<> a " d 3 

Component (B) is an organopolysiloxane of the following general formula (1). 

RXSiCV,.,^ (1) 

Ri is as denned above X is a hydroxyl grouper an alkoxy group, alkenoxy group, acetoxy group orketoxime 

S^fSr Carb ° n EXemP ' ary 9r0UpS ° f X are silano1 ' methox V- eth °** isopropeny^ox^ and 

eTr %. y 17 T° UPS - D,fferently Stated ' X may be any f unctional ca P ab,e <* e-fns in the prJ 

Phenyl .s a preferred Ri group from the standpoint of compatibility with component (A). Letters a and b are 
positive numbers satisfying 0<a<2, 0<b<3,and0<a + b<4 

,i.-n2' a -3lr ,k T e ^Tlf nt (B) may bC Prepared by Mrolyzing alkylchlorosilanes. phenylchlorc- 
silanes, alkylalkoxysilanes, phenylalkoxysilanes or the like. 

Examples of the organopolysiloxane (B) include hydrolyzates or partial hydrolyzates of chlorosilanes such 
lanlrT. T hT; m , ethyU i riCh,0r0Si,ane ' di -^"y<di C h.oro S ilane. phenyltnchlorSilane. diphen^ch o ^ 
lane, phenylmethyld.chloros.lane. trifluoropropyltrichlorosilane, and trif.uoropropylmethyldichlorosilane- and 
alkoxysilanes such as methyltrimethoxysilane. methyltriethoxysilane. tetramethoxysilane. tetraethoxysliane 

methoxysilane d.pheny.diethoxys.lane. phenylmethyldimethoxysilane, and phenylmethyldiethoxysilane 

50 to T0T200 2,'! h k V a " am ° Unt ° f ab ° Ut 1 ° 10 ab ° Ut 300 parts ' ™ re P^rably about 

<B) on tS h« / m ' T P3rtS by WSi9ht ° f C ° mPOnent (A) " Less than 10 P arts of component 

ai Z Tl^Z " f t P 6 , lesS K weather resistance wh «™» "™ '"an 300 parts of component (B) would 

fail to provide satisfactory surface hardness. 

d.n^nhT' (C) i S a h co ; den ( sation _ cate lyst which is not particularly limited insofar as it can assist in con- 
£n^SST , V ? andhydr0| y zable sil * groups of component (A) and the functional group of 
component (B) Exemplary catalysts include alkoxyaluminum compounds, aluminum chelates, alkyl tLates 

£21*5 ^ diCa,bOXylateS - a,kali metal salts <* -ta^ acids, alkaline earth metal salt Tot Z 1 

« o ;,t„r» ' Y 1 nmethox y silane - r-aminopropyltriethoxysilane, and organic acids such as p- 

oluenesulfon.c acid and phthahc acid. Among these catalysts, aluminum chelates are especially useful sini 
they are effective for promoting condensation. Exemplary aluminum chelates are given below 
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A*(acac) Jf AffO-i-PrHacac), . M (0-i-P r ),( acac) 
A£(0-i-Bu)(acac),, Af(0-i-Bu) l( acac) . Af^COCHi-OEt), 

oo 0 0 

m ( o-i-p r) (^k 0Et)i § ^ ( o-i- Pr)l( A^k 0Et) _ 

Ai(0-i-Bu)(-^ QEt) 2 . AKO-i-Bu)^ AA 0E t) 
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acac : acetylacetonato 
Pr : propyl 

Bu : butyl 

Et : ethyl 

Component (C) is preferably added in an amount of about 0.01 to about 40 parts by weight per 100 oarts 
by weight of component (A). Less than 0.01 part of component (C) on this basis would beZ smaN to o^ ! 
curing whereas more than 40 parts of component (C) would detract from weathe 

coating composition with a short pot life. resistance and result in a 

rr,J™ h l P 7° Se , °J TT'" 9 SUrfa ° e hardneSS 3nd Curabi,i, y- o^nosilane °'the following general for- 
mula (2) may be included in the coating composition as a crosslinking agent (D) 

R£iY* c (2) 

usuS on ^rLtfrnf 0Ve " Y iS " 3lkOXy 9r0UP ' a ' kenOXy 9 ™ P ' T *"* " **oxime ^up. 

Examples of the organosilane of formula (2) include tetramethoxysilane, tetraethoxysilane tetrafeooro- 
penoxysHane, tetrakis(methylethylketoxime)silane. methyltris(methylethylketoxime)s ta^mll^f2« 
noxysilane. methyltriacetoxysilane, dimethy.dimethoxysi.ane dime.hy. b^ 

Preferably component (D) is added in an amount of up to about 100 parts bv weioht r»»r inn h • 
of component (A). Addition of more than 100 parts of component (D) would SS^Z^SS 
surface hardness and be disadvantageous in economy. «rncuity in improving 

The coating compositions may be prepared in a well-known manner 

vent^S 

nopo lysilo (B , E lary so|vents jnc( ^ e aromati^ 

such as acetone, methyl ethyl ketone, and methyl isobutyl ketone; aliphatic hydrocarbons such as heianf oc 
tane. and heptane; chlorinated organic solvents such as chloroform, rnethy^ 

T^TIT^™* such as methano1 ' ethano1 ' feopropano '- -S^SSSKSS^JS 

as ethyl ace ate. butyl acetate and isobutyl acetate, alone or in admixture of two or more Pre erably loS carts 

Td g e 'r e ^ 

eners andTll h "Z 9 T'T™ ™ V ^ ^ deSired additive such '^"9 agents Thick- 

eners and UV absorbers. Also coloring agents such as pigments and dyes, aluminum paste tele a ass S 

aTa^a^ 

The coating composition can be applied to substrates by any desired methods to form coatinq films Ex 

,„ a ,r„ referably C ° atin9 COmpOSition is a PP |ied 10 fa™ a coating which is about 5 to 50 um thick Where the 

^°£SE£ ^ 33 Pain ' ^ Pi9m6ntS added theret °- ,he shou,d ><^^?o 

The coating composition may be applied to various substrates of metals, mortar slate concrete wood 
Plastics, and glass. It may aiso be used for overcoating a coated film of acrylic, aikyd, poke's J ^ y ^ 
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ethane base paint. Compositions can be made to firmly adhere to stainless steel strips and concrete. 
EXAMPLE 

P a rt s E areTywe°^h h L e 9iVe " be '° W ° f i,,UStration and not * «ay of limitation. All 

Preparation of component (A) is first described. 

Preparation Example 1 

To a flask charged with 100 parts of toluene at 90°C. a mixture of 80 parts of methyl methacrvlate is 
parts of 2-hydroxyethyl methane. 5 parts of 3-methacry.oxypropy.tnmethoxysLne %2tw2£ 
ZTlwr \T S adde t d , dropwise ° ver 4 hours a stream. The reaction mixture was aged£ 2 

as measured on a polystyrene basis (solids content 50%). 
Preparation Example 2 

The procedure of Preparation Example 1 was repeated exceptthat20 parts of 2-hydroxyethyl methacrvlate 
o?a S I' " methaCr ^ ro ^ ltrime ^'lane was omitted. There was obtained a tlene sltn 

of a copolymer having an average molecular weight of about 40,000 (solids content 50%). 

Preparation Example 3 

Dart Inf C* Ure 1 Prepara , t :° n Examp,e 1 re P eated ««Pt that 10 parts of butyl methacrylate and 10 
parts of 3-methacryloxypropyltnmethoxysilane were used instead of 15 parts of 2-hydroxyethyl methacrylate 
and 5 parts of 3-methacry.oxypropy.trimethoxysilane. There was obtained a toluene solution of a cooler 
having an average molecular weight of about 35,000 (solids content 50%). copolymer 

30 Example 1 

„ h 7° a ,ni? Ur ! 0f f u PartS 38 S °' idS ° f ' he cop0| y mef in toluene sol "tio" obtained in Preparation Example 1 

y CH ) (C P H T JohT To" SOlU ri t H 0n) ' 50 ° f 9 Si,a "°'- te - i "^d organopoiysiloxane rep^etea 
« Dy ^"^' o( c « H 5)o.6(OH) 0 . 32 Si0 1 . 04 and having an average molecular weight of about 3,000, 30 parts of xylene 

lvmixL Pa Th?i S t Utan01 ^ ? ded 05 Part ° f trisace ^ona.oa.uminum. The ingredients were thorough: 
ly m,xed. The resulting composite was applied to a stainless steel (SUS 304) strip of 0.3 mm gage by means 

icr;; r ii o ne2 nr^r 109 at 150 ° c for 30 minutes - There was — • ^ * -s 

«> Example 2 

A coating composition was prepare by the same procedure as in Example 1 except that 5 parts of a com- 
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CH 3 Si ( O - N=C^ CH3 ) • • - (5) 

X CH 3 



so 
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Example 3 



»k . T ° a ,^ tUre ° f f. PartS 3S S °' idS ° f the c °P 0| y merin tol^ne solution obtained in Preparation Example 1 

y ?CH ) CH f 0 fCH e r; < ; ,Ue , n n SOlUti0 ;^• 50 ° f 3 melh °«" a <<* organopolysLane rep^ntec 
!iZr ,1o( 3 *" 0 75 a " 09 an averaae molec "lar weight of about 800, 30 parts of xvlene 

cull! Par l S H 0 TH yCl0he ^ an0ne add6d 2 P3r,S ° f ,risacet y |a «tonatoalumin U m. The ingredients were thor^ 
oughly mixed. The resulting compos.t.on was applied to a stainless steel (SUS 304) strip of 0 3 mm qaqe by 
means of a bar coater No. 28 and cured by allowing to stand at room temperature for one week 7hen3 was 
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obtained a cured coating having a dry thickness of about 15 urn. 
Comparative Example 1 



^^IL" 9 C ° mp ^ ition was prepared b * thoro "9hly mixing 50 parts as solids of the copolymer in toluene 

solution obtained in Preparation Example 2 (that mn nor** A * f u *. , wpuiymer in roiuene 

terminated organopdysLane repented oy ZX^OH) SiO ° ^S? 5 ° "** * * Si,an °'- 
ular weight of about 3.000, and 50 parts of x/ene. ^ 

heat cured, obtaining a cured coating as in Example 1 . siainiess steel strip and 



Comparative Example 2 



aration ^SSZT^T ' ** COpol * BBr h ,0,uene solutio " * Prep- 

aration Example 3 was used, a cured coating having a dry thickness of about 20 urn was obtained 

The coat.ngs were measured for physical properties by the following methods 



Pencil hardness 

It was measured according to JIS K-5400, Item 6-14. 
Cross hatch adhesion test 



A cross hatch adhesion tape test was done according to JIS K-5400, Item 6-15. 
25 Mandrel test 

According to JIS K-5400. Item 6-16. a coated sample was bent about a mandrel having a diameter of 2 
O ?ntc r t aPPearanCe ^ ViSUa " y ° bSerVed ^ aCCOrdi "9 to the fo »™in 9 orison 



O: intact 
30 x : fine cracks 

Xylene rubbing 



A coated sample was rubbed 100 reciprocal cycles with 1 cm v 1 m ^ ■ 

x : roughened surface 
Resistance to boiling water 

Staining with oil ink 

A cured coating was marked with black oil ink (using a Magic Ink pen bv Penlel kki anH .i, *a*a < 

O: no residual marks 
50 x : residual marks 

Weather resistance 
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Using Atlas Uvcon (manufactured by Toyo Seiki Mfa KK1 a Hutu * Mr 



The results are shown in Table 1. 
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Thus, we have disclosed coating compositions which can firmly adhere to various inorganic substrates 
Stee ' "'^ 3 C ° a,in9 haVi " 9 900d rcSistance to weath -. watSs and alka"' 

Japanese Patent Application No. 5-323451 is incorporated herein by reference 

other^^ 
Claims 

1. A coating composition comprising, in admixture, 

(A) vinyl copolymer containing a hydroxy! group and a hydrolysable silyl group 

(B) organopolysiloxane of the following general formula (1): 

. „, R'aXbSiO^a.byz (1) 

wherein R< are substituted or unsubstituted hydrocarbon groups having 1 to 10 carbon atoms X ar „ 
functional groups curable by condensation reaction with the hydroxyl and hyd olySTe sM^out of 
^copolymer (A), and a and b are positive numbers satisfying 0 <*<zT^JTq™" 

(C) condensation catalyst. 

* 2 - aX^dS^ 

3. A coating composition of claim 1 or claim 2 which comprises 
(D) organosilane of the following general formula (2): 

R 1 cSiY4. c (2) 

wherein R' is as defined above, Y is selected from the group consisting of an alkoxy group alkenoxv 
grcup, acetoxy group and ketoxime group each having 1 to 6 carbon atoms, and letter'c fs e'qua, t o 0°*? 
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4. Acoating composition ot.n, preceding, dam .herein component (A) i. obtained by copoimerisim, oolv 

- zs: zzr senerai ^ <3 » snd w - » - » ~ K 



45 



CH 2 =C< ---(3) 
x COO — Z — OH 



,-a 2 

CH,=C<f ---(4) 
x COO- Z - SiRiX 3 - c 



50 5. 
6. 

55 7. 

8. 



wherein R«, X and c are as defined above, R* is a hydrogen atom or a methyl group, and Z is a divalent 
organ.c group havmg 2 to 20 carbon atoms which may have an oxygen atom intemosed therein 

A coating composition of any preceding claim wherein component (C) is an aluminium 



chelate. 



A coating composition of claim 4 wherein the copolymer contains 5 to 50% by weight of the comoound of 
formula (3) and 3 to 30% by weight of the compound of formula (4). compound of 

Use, for coating, of a composition according to any one of claims 1 to 5. 

A method comprising the preparation of a coating composition according to any one of claims 1 to 5. 
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(54) Coating compositions 

(57) A coating composition comprising (A) a vinyl 
copolymer containing a hydroxyl group and a hydroiyz- 
able silyl group, (B) an organopolysiloxane of the formu- 
la: R a X b SiO (4 . a . b)/2 wherein R 1 is a C,.^ hydrocarbon 
group, X is hydroxyl or an alkoxy, alkenoxy, acetoxy or 
ketoxime group having 1 - 6 carbon atoms, and a and b 
are positive numbers. 0 < a < 2, 0 < b < 3, and 0<a + 
b < 4, (C) a condensation catalyst, and optionally (D) an 
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organosilane of the formula. F£siY 4 . c wherein Ri is as 
defined above, Y is an alkoxy, alkenoxy, acetoxy or ke- 
toxime group having 1 - 6 carbon atoms, and c is equal 
to 0, 1 or 2. The composition can firmly adhere to various 
inorganic substrates, especially stainless steel and form 
a coating having improved resistance to weather, water 
stains and alkalis. 
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